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(57) ABSTRACT

It 1s provided a capacitive type proximity sensor, comprising
a sensing electrode, whereas the sensing electrode has a sur-
tace with electroconductive areas 113 and not-electroconduc-
tive areas 117, whereas the sensor 1s adapted for measuring an
clectrical field 110, 112 between the sensing electrode and an
object 109, 111. Further 1t 1s described an apparatus for medi-
cal x-ray diagnosis and/or x-ray therapy and/or nuclear diag-
nosis/therapy, e.g. SPECT, a system for medical x-ray diag-
nosis and/or x-ray therapy and/or nuclear diagnosis/therapy,
¢.g. SPECT, a method for avoiding collision between an
apparatus for medical x-ray diagnosis and/or x-ray therapy
and/or nuclear diagnosis/therapy, e.g. SPECT, and an object,
a program element and a computer readable medium. It 1s
disclosed a capacitance type proximity sensor whose sensi-
tivity ol approaching objects has an improved independence
from the special geometry of the sensor 1itself.

13 Claims, 5 Drawing Sheets
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1
CAPACITIVE TYPE PROXIMITY SENSOR

FIELD OF THE INVENTION

The present invention relates to a capacitive type proximity
sensor, an apparatus for medical x-ray diagnosis and/or x-ray
therapy and/or nuclear diagnosis/therapy, e.g. SPECT, a sys-
tem for medical x-ray diagnosis and/or x-ray therapy and/or
nuclear diagnosis/therapy, e.g. SPECT, a method for avoiding
collision between an apparatus for medical x-ray diagnosis

and/or x-ray therapy and/or nuclear diagnosis/therapy, e.g.
SPECT, and an object.

BACKGROUND OF THE INVENTION

Capacitive type proximity sensors are used intensively for
distance detection purposes, featuring a flat, mostly round or
square, sensing electrode. Guarding electrodes are used to
obtain a linear measuring range, which 1s usually in the order
of one-third of the sensor size. The same sensing technology
1s used for collision prevention purposes on Philips Medical
equipment, featuring a measuring range which 1s larger than
the sensor size.

The technique uses capacitive type proximity sensor elec-
trodes along the outer boundaries of the casing of moving
(Medical) equipment 1n order to detect the approaching of an
object. In the first place it 1s meant as a preventive measure
against colliding with the patient on the examination table and
in the second place with other equipment 1n the direct envi-
ronment.

The size and shape of the electrodes of the capacitive type
proximity sensor are driven by the size and shape ol the casing,
of the equipment. The sensing range of the detectors extends
to distances which are even larger than the capacitive type
proximity sensor structure itself. In such cases, the sensor
characteristic will certainly not be linear with distance any-
more.

A non linear characteristic 1s basically not a real problem as
long as 1t reproduces nicely. Reproducing non-linear behav-
iour can only be expected when the sensor geometry remains
fixed. The sensor geometry 1s basically configured by the
shape of the two capacitive electrodes and their mutual dis-
tance and relative orientation. One electrode of the sensor 1s
the surface of the object/target to be detected, and 1s thus not
defined at all. The shape and size of the sensor electrode 1s
driven by the shape and size of the equipment 1n question. In
that way, there 1s a limited freedom 1n selection of sensor
clectrode shape and size. It 1s without question that the sensor
characteristic shows significant variation, depending on
object size and the relative position of the object to the shape
of the sensor electrode. The result 1s that the collision preven-
tion system comes up with stopping distances which vary
significantly as well, depending on object size/shape and
relative approaching position over the sensor electrode area.

In the present systems, the effective range of stopping
distances 1s acceptable, when calibration steps are done.
Sometimes small (mechanical) modifications or an ad-on 1s
made 1n the sensitive area of the sensors, introducing extra
variation. This step brings extra stopping distance change,
needing an extra calibration step.

SUMMARY OF THE INVENTION

The consequently non-linear, reproducing, characteristic
of the sensor 1s well accepted. The sensor characteristic only
reproduces however, 1n case the sensor geometry remains the
same. The sensor geometry comprises the sensor electrode
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shape on one hand and the position, shape and size of the
(grounded) object/target to be detected. The size and shape of
the object can not be affected and the shape of the sensing
clectrode 1s more or less determined by the shape of the casing
of the equipment.

The mvention introduces a structure of the sensing elec-
trode along the casing surface, which is shaped for minimum
variation of the sensor characteristic for the various sensing,
positions over the entire area of the sensitive area. This feature
limits the variation 1n stopping distances of the anti collision
system, depending on the situation (specific position on the
equipment and object size). At the same time 1t allows small
modifications to be made on the equipment which affect the
sensor behaviour in a limited way, still resulting 1n acceptable
stopping behaviour of the ant1 collision system.

The mvention provides a capacitive type proximity sensor,
comprising: a sensing electrode, whereas the sensing elec-
trode has a surface with electroconductive areas and not-
clectroconductive areas, whereas the sensor 1s adapted for
measuring an electrical field between the sensing electrode
and an object.

The mvention provides an apparatus for medical x-ray
diagnosis and/or x-ray therapy and/or nuclear diagnosis/
therapy, e.g. SPECT, comprising a sensor according to any-
one of the claims 1 to 9. SPECT 1s a nuclear medicine tomo-
graphic 1maging technique, whereas gamma rays are used.
SPECT stands for Single Photon FEmission Computed
Tomography.

The mvention provides a system for medical x-ray diagno-
s1s and/or x-ray therapy and/or nuclear diagnosis/therapy, e.g.
SPECT, comprising an apparatus for medical x-ray diagnosis
and/or x-ray therapy and/or nuclear diagnosis/therapy, e.g.
SPECT; and an object, whereas the object comprises a sensor
according to anyone of the claims 1 to 9.

The 1nvention provides a method for avoiding collision
between an apparatus for medical x-ray diagnosis and/or
x-ray therapy and/or nuclear diagnosis/therapy, e.g. SPECT,
and an object, comprising: measuring the distance between a
sensor according to anyone of the claims 1 to 9 and the object;
and stopping an approaching between the apparatus and the
sensor, 11 the distance 1s low, whereas the apparatus comprises
the sensor.

The mvention provides a programme element, which,
when being executed by a processor, 1s adapted to carry out
the method of claim 12.

The 1invention provides a computer readable medium hav-
ing stored the programme element of claim 13.

Further embodiments are incorporated in the dependent
claims.

According to an exemplary embodiment the sensor 1s pro-
vided, whereas the object 1s grounded.

According to a further aspect of the invention the sensor 1s
provided, whereas the electroconductive areas are electrically
connected.

According to a further aspect of the imvention the sensor 1s
provided, whereas the electroconductive areas are electrically
connected to the processing electronics.

According to a further embodiment of the present mven-
tion the sensor 1s provided, whereas the surface has substan-
tially flat regions and these substantially flat regions have
not-electroconductive areas.

According to an exemplary embodiment the sensor 1s pro-
vided, whereas the surface has substantially non-tlat regions
and these substantially non-flat regions have electroconduc-
tive areas.

An exemplary aspect of an exemplary embodiment of the
invention may be seen 1n that,
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the sensor 1s provided, whereas the conductive areas have
dimensions which are optimised to the size of the overall
sensing electrode dimensions, optimising the umformity of
the sensor sensitivity over the area of the whole structure.

According to a further aspect of the invention the sensor 1s
provided, whereas the sensitivity of the sensor 1s substantially
independent of the shape of the sensor.

According to a further embodiment of the present inven-
tion the sensor 1s provided, whereas the object 1s an amimal or
a human being.

It may be seen as a gist of the present invention to provide
a capacitance type proximity sensor whose sensitivity of
approaching objects 1s optimised with respect to indepen-
dency from the special geometry of the sensor 1tself.

It should be noted that the following described exemplary
embodiments of the invention apply also for the method, the
device, the programme element and the computer readable
medium.

It should be noted that the above features may also be
combined. The combination of the above features may also
lead to synergetic eflects, even 11 not explicitly described 1n
detail.

These and other aspects of the present mmvention will
become apparent from and elucidated with reference to the
embodiments described hereinatter.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will be
described 1n the following with reference to the following
drawings.

FI1G. 1a shows a closed surface sensing area of the sensing
electrode;

FI1G. 15 shows an open structure sensing area of the sensing,
electrode;

FIG. 2a shows a diagram of Uout dependent to the distance
with the sensing electrode according FIG. 1a;

FIG. 2b shows a further diagram of Uout dependent to the
distance with the sensing electrode according FIG. 15;

FIG. 3 shows a basic sensor readout circuit according both
FIG. 1a or 15;

FIG. 4a shows 4 sensors with conventional sensing elec-
trode with closed surfaces;

FIG. 46 shows 4 new sensors with new electrodes with
open “skeletal” shaped structure for improved sensitivity uni-
formity over the entire sensor area;

FI1G. 5a shows a medical cardio-vascular product;

FI1G. 56 shows the same medical cardio-vascular product in
a different position;

FIG. 5¢ shows an other medical cardio-vascular product in
greater detail;

FIG. 6 shows an X-ray source with a ceiling suspension

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The invention introduces a further structuring of the sens-
ing electrode, affecting the sensor characteristics 1n such a
way that the range of characteristics decreases. The range of
sensor characteristics remains within a narrower band, lead-
ing to less variation in stopping distance.

The sensor electrodes of the collision prevention sensors
have a 3-dimensional structure. The sensor sensitivity will be
quite different at the edges and corers of the electrode com-
pared to the sensitivity at the larger tlat areas of the structure.
The invention mtroduces changes to this behaviour by modi-
tying the electrode structure specifically at the larger flat areas
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of the sensor electrodes. The main problem for the existing
technique 1s that the sensitivity for objects approaching the
sensor structure at the flat areas 1s significantly larger than for
objects approaching the sensor at the corners or the edges.
The invention uses a sensor electrode structure with the elec-
trode maintained near the edges and corners, while it has an
open structure at the tlat areas. In this way, the sensitivity at
the edges and corners will hardly be atffected, while the sen-
sitivity at the flat areas has decreased. The structuring of the
sensor electrode results thus 1n a more balanced sensitivity
over the entire sensor surface, leading to a more uniform
stopping behaviour in terms of clearance distance after stop-
ping.

Accepting a certain range of stopping distance, this
approach allows more variation i sensor behaviour due to
adaptations on the equipment. This feature 1s of prime 1mpor-
tance for mounting an additional mechanical spacer on the
cover of an X-ray source, forcing a minimum distance
between X-ray source and human tissue. This additional unit
1s provided with sensor electrodes as well, having a rather low
sensitivity figure due to the curved shape of the spacer. The
technique of the invention comes up with acceptable stopping
behaviour with and without the spacer, even without doing a
calibration step after the spacer change.

FIG. 1a and FIG. 2a show 1n a simple arrangement the
basic problem associated with the capacitive measuring tech-
nique for distance sensing where the sensor electrode struc-
ture has a complex three dimensional shape. FIG. 1a shows an
object 106, which could be for example a casing of an X-ray
source. On this casing there 1s a surface 105, which 1s elec-
trically conductive. This surface 103 1s the sensing electrode,
which 1s connected with a voltage source, U_ ., via an
internal capacitor Ci1. Opposite to the casing 106 and the
sensing electrode 105 there are elements 101 and 103. These
clements 101 and 103 are connected with ground. Between
these elements 101 and 103 and the sensing electrode 103
there 1s a capacitance C,_,, ., .,0..e- 1he Index sense-ground
describes, that the capacitance 1s between the sensing elec-
trode 105 and the grounded elements 101 and 103. There are
also electrical fields 102 and 104 between the elements 101
and 103 and the sensing electrode 105.

Structuring the electrode helps to achieve a more balanced
behaviour for the various approaching directions. The FIG.
15 shows the same situation (with e.g. a casing 114) with the
exception, that a sensing electrode has an open structure
sensing area. The total sensor comprises several electrocon-
ductive areas 113 and several not-electroconductive areas
117. These parts of the sensing electrode are connected
together via a capacitor C1 115 with a voltage source U__
116. Opposite to the sensing electrode there are elements 109
or 111. Between these elements and the electroconductive
areas 113 of the sensing electrode there are streamlines of the
clectrical field 110 or 112.

Approaching a capacitive 3-dimensional sensor electrode
with a relatively large object at a flat side (situation A), will
show a significantly higher sensitivity over a larger range,
compared to approaching it at a corner (situation B). Particu-
larly at a distance in the order of the geometry size of the
object, this phenomenon will be most effective. For the appli-
cation field of distance sensing for collision prevention, it 1s
desired to have the least spread in sensor characteristics due to
these elfects, as this gives the least spread in stopping dis-
tances. It 1s evident that a certain effect has to be accepted,
because there 1s always a certain efiect present. The effectcan
be decreased however by structuring the sensing electrode at
the 3-dimensional surface of the machine part 1n stead of

having closed surfaces.
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FI1G. 2a depicts the output voltage U__ . which 1s dependent
to the distance between an element 101 or 103 and the sensing,
clectrode 105. This diagram shows the sensitivity of an
approaching element 102 or 103 according the situation of
FIG. 1. The graph 201 depicts the characteristic of an
approaching element 101. The graph 202 depicts the charac-
teristic of an approaching element 103. There 1s a distinct
difference between the graphs 201 and 202. Therefore, at the
same distance X there are different voltages U, , and U, ,.
The element 101 generates a lower voltage U, ., than the
clement 103, which generates the higher voltage U The

out,2® -

difference between both voltages U,_,,, and U_,,, corre-
sponds to the measurement error.

FIG. 2b6 depicts the same characteristics for approaching
clements 109 or 111, respectively. It can be seen that the error
in measurement according to FIG. 26 (difference between
U, and U_,, ) 1s now drastically reduced.

FIG. 3 shows schematically the circuit according to the
situations 1n FIG. 1a and FIG. 1b. The sensing electrode 1s
connected to a voltage source U__ 301 via an internal
capacitor Ci 302. The electrical field between the elements
101,103,109 or 111, respectively, and the sensing electrodes
lead to a capacitance C,,.. crouma 303. This capacitance
Csonse-grouna 303 depends on the distance between the ele-
ments 101, 103, 109 or 111 and the sensing electrodes.

The described technique of structuring the sensing elec-
trode for improved sensitivity uniformaity has been applied on
a collision prevention sensor on the X-ray tube cover of a
Cardio-Vascular imaging system of Medical Systems 1n Best.
The technique 1s essential in achieving a better stopping
behaviour of the ‘Bodyguard system’ over the complete sen-
sitive area of the cover. For a certain system, a set 402 of four
sensors 401,403, 404 and 406 1s arranged 1in quadrants, inside
the cover over the X-ray tube, having four full closed area
sensor structures, shown in FIG. 4a. The four sensors 401,
403, 404 and 406 are separated by a non-electroconductive
barrier 405. Implementing the structured electrode according,
the invention brings significantly less variation 1n stopping,
distance while providing at the same time a better sensitivity
at the sensor electrodes of an optional spacer unit in front of
the tube cover.

FIG. 4b shows the same arrangement 410 but with the
sensors according the mvention. The sensors 407, 408, 409
and 413 have electroconductive areas 411 and 412 and non-
electroconductive areas 414, 415 and 416. As mentioned 1in

the previous paragraph, the sensor sensitivity of the (large)
flat areas 1s decreased in favour of the lower sensitivity at the
corners and edges by introducing openings in the sensor
structure at these flat areas. FIGS. 4a and 46 show examples
ol a sensor electrode structure 1nside the cover of the X-ray
tube of a Poly-G2 system. The basic electrode structure has
been reduced from a full area conductive pattern (FIG. 4a), to
a skeletal shaped pattern by limiting the conductive pattern to
10 mm wide stripes at each corner and edge 411. In addition
to that, 5 mm wide diagonal stripes 412 have been added to
the large openings to prevent that these areas come up with a
too low local sensitivity.

Specific design tools will be developed to ease the design
of successtul electrode structures for a given application with
its specific size and shape of casing on which the sensing
functionality has to be designed.

Within the Philips Medical Systems division, several appli-
cation are present for which the presented invention can
upgrade its performance and for which 1t will be implemented
in near future. These applications include systems from the
Cardio Vascular group of X-ray imaging systems: PolyG2
tube cover, the tube cover for the Clea system and FD10 and
FD20 X-ray detector units. FIGS. 5a, 36 and 5¢ show pictures
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6

of these system, with an indication of the position where the
capacitive type proximity sensors for collision prevention
have been implemented.

FIGS. 5a, 536 and 5¢ show a medical cardio-vascular prod-

uct, whereas a patient table 501, 504 as well as a collision
prevention sensor on detector casing 502, 505 and a collision
prevention sensor on X-ray tube casing 503, 506 1s depicted.

Apart from the Medical Systems area of applications, the
technique 1s 1n general interesting for applications including,
robotic manipulation of equipment, where collision 1s an
unwanted situation.

Application for the Philips Medical Systems Hamburg,
General X-Ray Cardio Vascular BodyGuard: PMS Hamburg
1s a supplier of general X-ray systems to the medical industry.
One of their new developments on X-ray systems 1s the Tango
system. Within the Tango X-ray system a contactless object
detection device will be part of the security concept. This
device will prevent collision of the moving X-ray system with
either persons or equipment inside the X-ray examination
room. The Tango system consists of a patient-table and a
detector ceiling suspension. The object detection system
should provide proper (collision) data that can be interpreted
by the motion control of the Tango system 1n order to avoid
collision of parts of the system or the whole system especially
with persons and as indication with furniture or other objects
inside the X-ray examination room. By the interface the
device provides data about the position of the detected objects
in relations to the ceiling suspension or 1ts parts in distance
and direction.

FIG. 6 shows the detector ceiling suspension of the PMS
Hamburg GXR Tango system. The different positions, where
the “Capacity collision prevention sensors™ are implemented
are shown. FI1G. 6 depicts a telescope 603, a swingarm 602, a
sensors tube assembly 604 and a sensors swingarm 601.

FIG. 7 shows a computer 701 on which a computer read-
able medium can be stored. The computer comprises a key-
board 703, a display 704 and an CPU 702.

It 1s provided a capacitive type proximity sensor, Compris-
ing a sensing electrode, whereas the sensing electrode has a
surface with electroconductive areas 113 and not-electrocon-
ductive areas 117, whereas the sensor 1s adapted for measur-
ing an electrical field 110, 112 between the sensing electrode
and an object 109, 111. Furtherit1s described an apparatus for
medical x-ray diagnosis and/or x-ray therapy and/or nuclear
diagnosis/therapy, e.g. SPECT, a system for medical x-ray
diagnosis and/or x-ray therapy and/or nuclear diagnosis/
therapy, e.g. SPECT, amethod for avoiding collision between
an apparatus for medical x-ray diagnosis and/or x-ray therapy
and/or nuclear diagnosis/therapy, e.g. SPECT, and an object,
a programme element and a computer readable medium. It 1s
disclosed a capacitance type proximity sensor whose sensi-
tivity of approaching objects shows improved independence
from the special geometry of the sensor itself.

While the invention has been 1llustrated and described 1n
detail 1n the drawings and foregoing description, such 1llus-
tration and description are to be considered illustrative or
exemplary and not restrictive; the invention 1s not limited to
the disclosed embodiments. Other variations to the disclosed
embodiments can be understood and effected by those skilled
in the art 1n practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims. In the
claims, the word “comprising” does not exclude other ele-
ments or steps, and the indefinite article “a” or “an” does not
exclude a plurality. A single processor or other unit may fuliil
the functions of several items recited 1n the claims. The mere
fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination of
these measures cannot be used to advantage. A computer
program may be stored/distributed on a suitable medium,
such as an optical storage medium or a solid-state medium
supplied together with or as part of other hardware, but may
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also be distributed 1n other forms, such as via the internet or
other wired or wireless telecommunication systems. Any ref-
erence signs 1n the claims should not be construed as limiting
the scope.

LIST OF R

T
i

ERENCE SIGNS

101 object (grounded)

102 streamlines of an electrical field

103 object (grounded)

104 streamlines of an electrical field

105 sensing electrode

106 cover

1077 internal capacitance Ci

108 voltage source Usource

109 object (grounded)

110 streamlines of an electrical field

111 object (grounded)

112 streamlines of an electrical field

113 electroconductive area of the sensing electrode

114 cover

115 internal capacitance Ci

116 voltage source Usource

117 non-electroconductive area of the sensing electrode

201 graph of an object approaching the side of an sensing
clectrode

202 graph of an object approaching the corner of an sensing
clectrode

203 graph of an object approaching the side of an sensing
clectrode

204 graph of an object approaching the corner of an sensing
clectrode

301 voltage source Usource

302 internal capacitance Ci

303 vanable Csense-ground (depends on the distance
between object and sensing electrode)

401 sensing electrode

402 cover of an x-ray tube

403 sensing electrode

404 sensing electrode

405 non-electroconductive barrier

406 sensing electrode

407 sensing electrode

408 sensing electrode

409 sensing electrode

410 cover of an x-ray tube

411 electroconductive area of an sensing electrode

412 electroconductive area of an sensing electrode

413 sensing electrode

414 non-eclectroconductive area of an sensing electrode

415 non-clectroconductive area of an sensing electrod

416 non-clectroconductive area of an sensing electrode

501 patient table

502 collision prevention sensors on detector casing

503 collision prevention sensor on X-ray tube casing

504 patient table

505 collision prevention sensors on detector casing

506 collision prevention sensor on X-ray tube casing

601 sensors swingarm

602 swingarm

603 telescope

604 sensors tube assembly

¢”

The mvention claimed 1s:

1. A capacitive proximity sensor, comprising;:

a skeletal-shaped sensor electrode structure comprising an
overall cupped or box-top shape;
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a plurality of curved and straight conductive strips
arranged as edges of a plurality of polygons, wherein the
conductive strips connect the corners of the polygons,
wherein the polygons lie 1n the surface of the overall
cupped or box-top shape of the skeletal-shaped sensor
clectrode structure, and wherein the conductive strips
define non-conductive openings within the polygons;

a plurality of conductive diagonal strips arranged to cross
through the non-conductive openings within the poly-
gons and connect opposing corners of the polygons;

wherein the capacitive proximity sensor 1s adapted for
measuring an electrical field between the sensor elec-
trode structure and an object.

2. The sensor according to claim 1, whereas the object 1s

grounded.

3. The sensor according to claim 1, whereas the conductive
strips are electrically connected.

4. The sensor according to claim 1, whereas the conductive
strips are electrically connected to a circuit comprising a
voltage source.

5. The sensor according to claim 1, wherein the conductive
strips are ten millimeters 1n width.

6. The sensor according to claim 1, wherein the conductive
diagonal strips are five millimeters in width.

7. The sensor according to claim 1, whereas the conductive
strips have dimensions which are optimised to the size of the
sensor electrode structure, optimising the uniformity of the
sensor sensitivity over the area of the whole structure.

8. The sensor according to claim 1, whereas the sensitivity
of the skeletal-shaped sensor electrode structure 1s substan-
tially independent of 1ts overall shape.

9. The sensor according to claim 1, whereas the object 1s an
anmimal or a human being.

10. An apparatus for medical x-ray diagnosis, x-ray
therapy, nuclear diagnosis, nuclear therapy, tomographic
imaging, or computed tomography, comprising a sensor
according to claim 1.

11. A method for avoiding collision between an apparatus
for medical x-ray diagnosis, x-ray therapy, nuclear diagnosis,
nuclear therapy, tomographic imaging, or computed tomog-
raphy, and an object, the method comprising:

measuring the distance between a sensor according to
claim 1 and the object; and

stopping an approaching between the apparatus and the
object, 1f the distance 1s low, wherein the apparatus com-
prises the sensor.

12. A computer programmed to receirve a signal from a
sensor according to claim 1, and to carry out the steps of
measuring the distance between the sensor and an object, and
stopping an approaching between the apparatus and the
object, 1f the distance 1s low, wherein the apparatus comprises
the sensor.

13. A non-transitory tangible storage medium encoded
with a machine readable computer program code, the code
including instructions for causing a computer to implement a
method for avoiding collision between an apparatus for medi-
cal x-ray diagnosis, x-ray therapy, nuclear diagnosis, nuclear
therapy, tomographic imaging, or computed tomography and
an object, the method comprising:

recerving a signal from a sensor according to claim 1;

measuring the distance between the sensor and an object;
and

stopping an approaching between the apparatus and the
object, if the distance 1s low, wherein the apparatus com-
prises the sensor.
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